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Abstract: A Hexapod precision positioning platform called the Secondary Mirror Adjustment
Mechanism(SMAM) was designed to precisely adjust the second mirror of a large optical payload.
The structure configurations were optimized based on the multi-objective function, and the errors of
each strut and the upper (lower) hinges were distributed by the optimization algorithm. A kinematic
model and a static flexibility model for the Hexapod platform were established, and the influences of
main structure parameters on the mechanism performance were analyzed. Then, the positioning
accuracy and anti-deformation indexes were put forward. By using the structural parameters as
variables, the optimization functions were established, and two single-objective functions were

optimized by the genetic algorithm. At the same time, a unified constraint function of weight factor
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was constructed, and the multi-objective function was also optimized by the genetic algorithm.
Afterwards, a nonlinear optimized error distribution model was established, and it was used to
distribute the errors for each strut and the upper (lower) hinges. Finally, by testing the performance
indexes of a prototype, the efficiency of the proposed method was verified. The research results after
optimization show that the positioning accuracy and the anti-deformation capacity are improved by
8.3% and 62. 5% ,» respectively. The upper and lower hinge error bounds increase from 2. 7 pm to
6.3 pm, and each strut error bound increases {from 1.3 pm to 3. 2 pum. Moreover, the relative positing
accuracy and the static stiffness of Z axis are 0. 6% and 41. 14 N/um, respectively. The research in
this paper improves the positioning accuracy and anti-deformation ability, and saves the design cycles
and processing costs.

Key words: space camera; optical payload; secondary mirror adjusting mechanism; positioning

accuracy; anti-deformation; multi-objective optimization; error distribution

1 7]

qul

R A2 (8] 62 2 A P )l TMA 22 48R3 il
TMA RGAL & 2 WOCHEHOR, H o A7 8 fE 3
i 7 A e R 2 15 43 B R ) Al e A = 5 s ) AR
LB SRR Z — o i T AR LR K S i 7 vh
18 HRAE bt AR B i B85 RS AT I ER
B CAn R g Il BE B T A ok AR A R IR
SR R AR XS A 2 A R e R BUSR B R
. AT ORIE UGS fi SRS () Tt AT
M L R RO Y S AT B .
W, B R R B R AR E PR Y R R ALY
B,

Hexapod B 75 4k % 8 38 7 5 D L g
TORR R R 22 vy W2 0 ey AR AR B ) S L TE DG
AT 0 LR TR DN A B 5 YR A A6 S A R e R v
RV EEAE D KA 2 Y0 BT Uk B IR
BUAG I B A [ B AT RS B R ' T AR A B
TR W T Hexapod BYE %S &, 8% H 5w H
TR B G 2 B A7 A YR B v 43 ) et A v T Il 1Y 32
B R PR X A 2 A T o 2878 A N Y A R
PUAE E NI KG FERE JT . FEAP VR L BT 4 B2 AL
MIFi A I g 115, Hexapod B % #F & &
PABFERE J) 52 2 05 I I R K ), 32 B MR T 5
BEFP AR R 22 bR 808k B B 58 22 LA S &
AL RO O BT B B ) B T
SCEEFF I W BE DA BT 5 R 2 1 e

I JLAF B N b 24 35 5 XF anfel $2 % Hexapod
RIS YRV 5 0K B A I BE 5 1 R i ISR
CHK[13]43 87 T Hexapod B 8 35 & 4% T 45 4
DR 22 X Bl - 3 5 R BE A 52,y R R 22
ST G E AR B BCE B JE T — s
Ry kAT BT B AR E AME . SCER( 14 5
X} 6-SPS 4 BUH 6-PSS #g B F1y 75 4 3 B F- 15 57
BRZETHTBAL SR T —Fh g E BT B R 22
O & T a5 R 22 e b | Jr 2. DA B SCHR
X E %5 Hexapod B 75 4k JF 2% S & A4 8 gk 17 1%
2200 BT 5 43 TE L X8 T B X g 6 R B LA K5 22 g
TE (4 5 e 35 oK 4 N2 SRR [ 15 ] 3 T 38t 4% 530 ik X
Stewart V- 5 1912 3l 2% FF 1k AT B R, B R
P2 K anfal $2 " Hexapod %4 0 % - & (9 BT A8 ¥ fig
Jio AR, SCHR [16 ] 5 7 oK 5t fis B2 0 B8 o %
Stewart ‘F G BRI WEN, #7 TEZ 45 &
Stewart V- & 12 3l K5 B 1T & 9 X H b A8 1k AR
RY, DL ZE A0 5 B A [ A R 29 R R A
3 3t A8 SR I G Ak TR) SR i AR R
Hexapod B4RV 5 45 1 R G iR 22 AT S AL 43

A SCE S N U B T R HLAL 12 Sl A5 AU )
JERIRY, 73BT Hexapod “F- & LA (19 3£ 22 45 4 2 4L
XF LA PEBE A 52 e . U, 2 R UK B O R AL A
B SR L 4 1 VR VA B ML G 0K BE 3 A AN B 2
TEARAR AR 3R 45 bR dE 7 DL A 2 80 78 Y
DEAL B 5 bR E F) T 354 5 X5 2 > B H A ek 2K
HEATOAL . TR A3 T 22 B 5 2 o ek A R st
RREXS iR % HAR KRB T 0tk . AR AR 35 4



5 5 ]

AR L A5 RO 2 30T OB IR R LA R A 18 S i 22 43 T 1095

DU TR ZERERY , $2 1 A AR AT K BT B R 2
I A 20 BE D5 12 0 T R i K 5 9 A LA S 0 G
RE IR A BT I RE 1. dc i, 03 L A BILAH
Xof 7 50 B LA K AT AR L BE L B T 2 H AR AR
PA KRR 22 e o BSR4 Bt L T JA A,
AV I T RAR

2 RAEEENM £ RS R T
Hy e B 89 3 e 5T

Xt F Hexapod B YR B /1 22 ML , 22 7 4G B e
JIMBTASIE 68 1 KLY 2 80 2% S i A AR K 25 =
R T S BL R B IE B R, AN B R
HLAE 932 Bl A% 3 K5 B v, T L A, 2 SR vk % ) 3% AL
) HL A v W B
2.1 BEFhER

WA B A ZF 6 8 6 6 R
FFAL R, i 1V 2 Fros, #orE R R
B-OXYZ S5z br & P-OXYZ, Hih 8 @ 2 b
R BIEEE LT Aok, 3h A bR R B
B — B8, A bR R TEE AR R AL
Mt q=[t, q, 1" TR =[x y.2]" AR
JEm Op TEEAI R IIO E g =07, B o' H
BIAARTEE AR R B AMA . LA AEGIH
P.(i=1~6)F/x, FFHE&EEM B.(i=1~6)
# N, P, P-OXYZ % W 4 kr K'p., 7E
B-OXYZ ZBAFR N p:. BAE B-OXYZ Z Y4
Frhtb,, EEIBIER A R, FEREEZ N Ry, 4
HOPe 5 PR R o(fRIFR LR @ B
B 5 B, WYL R OCRIFR T LA 0.

B; B,
BT AR IR R LA
Fig.1 Schematic diagram of SMAM

Yl’l B)

XI’!IEI

&2 BT R AL R AR
Fig.2 Vertical view of SMAM

- BiPAERE & Y ) LR
"L="t+"p,—"b,="t+PR * "p,—"b:, (1)
A AR EE G=1~6) ; PR Ry AR AR AR B 3 %
cacf  casBsy— sacy casBcy T+ sasy
FPR= | sacf sasBsy -+ cacy casBcy— casy|,
—sB Bsy cBey
sC e )=sinC * ),cC+)=cos( ),
(D) A2 A7 PR 3%t B[] 3K 52, A] 45 Hexapod
F- 5 1Y Jacobian B A T OC Y 23 [ 9K Sl A
()3 2 B 5 37 518 3 8% Z A PR &
L=1J-q. (2)
KL= [ho Lol dads oI ]7 € ROET 258 (] 3K )
FHEEHE =[x vy = 7 p o«]"ER"'Z)
"L GRTp X LT
V-5 1) iz gl 3 J{E :
"Ls GGR"ps X LT
Ry Hexapod ~F- 13 25 ¥4 () i v LU AR I, L, A #F
TE5E Z I AR
2.2 BRE
VLB AT FE XTG4 2 32 A0 3 T ik
R DL B 5 I A A AR I L B 1l F
V-6 AL BTN 8q. T HPRAS T 4 BR 1 3K
SRATHT IR AR ARG B 8L, A7 R
IR i 2 A, 20w Gl R P L AR R 2 R
A

S

F' - 8q=f" - 5L, (3)
it':fj F = [FX9FY9F29MX’MY9MZ:|T S RGX];
5q= [0x,0y,02:07,08:0¢]7 € R'; [T =
Chiafosfosfonfos fs JTERT N Z NN 15
8L=[0L .0l +0l;» 0L, » Ols » Ol ]"E R,

MishF- 5 1 7 & 22 2 8q 5 4% hR A9 22 2



1096

5 24 &

SLAFTERFR N
L= - d8q. 4
B 45 3 FE FF 19 Bl 1 I BE AR O k=3 X
10° N/m ARFER (3) . (4) AT 5.

F=k«J' - J- dq. (€))
RV R] A5 U B i B ATLAA A ) S R R
K=k« J"J. (6)
B CHRERRE A
C=K". D
2.3 RFEFABNMEZLENSHINEERER
00 53 1

B T Hexapod “F- &AL Ry %t AL A, %
SR SHINER 1 PR,

x1 FEFNSH

Tab.1 Main structural parameters
FEEM SR ZHAE Vi [

FE&k% R, [0.15,0.25]

TF&FRRE R, [0.15,0. 25]
Fr&amEE H [0.12,0.15]
R o [0°,40°]
B0 [80°, 120°]

FEXT T 3R Uk 5 B WL B A5 S8 TR
BLAYHTAR 1 h 5 FhEE Y S H 0y 8 A X UBE T AL
a2 VA FE BT AR TR 68 1 1 52 )

2.3.1 ETF-F & FExTHAMMEE QT 05 AT

LR R A 2 AR 6 LR A B 0 R L
EETFFEEEE H=0.123 m. BRI 9=20°,
TR =104, L F ¥R RS TFEEERE
R, A2 4 R[0. 15 m,0. 25 m], TEWIAR L LIRS
T KT YR B R R AT B4 HE B L A% A B cond (DD NI
HI R B2 Y 2308 AT 3, A A A R a8l 3 R,
MIE 3 B 4 AT LLE L HE s b 2% A 5L cond (D il
PR 2u s L PSP R RS TR
A2 Ry BYIGINAS /N, 76 R, F1 Ry¥ R 0. 25 m
Bb A 50 e £ 1 8 cond () RITER 22 Y 2-38 ik
Bl /N 8L cond (J) = 6. 427, Z% & 4 BE Y
2-JEHA B R AR .

Cond(])
oo

0.25 <L

0.150.15 R/m
F 3 Re5 REFLT WA b 45 1 %k
Fig. 3 Cond(]) on the change of Ry and R,

|CTl,

. 0.25
R /m ; 0.2
R/m

0 0.5

B4 R R MFZER 2- 0%
Fig.4 || Cll, on the change of Rp and R,

2.3.2 E-F & & E X AL AR 6 R v 4 AT

B8 1 B X AL Al R 2
EFE¥KE Re=0.15 m, FFHHE R =0.2 m
LR =20, FEL A 0=104°, b FF &5
& H #2464 250,12 m,0. 15 m],

9.428 6

9.428 5 Pl

.

= 9.4284 P

=

Cond(

94283

94282

9428 1 /

9.428 0
0.12 0.13 0.14 0.15
Him

Bl 5 = HART B LA 14
Fig.5 Cond(]) on the change of H




AR L A5 RO 2 30T OB IR R LA R A 18 S i 22 43 T 1097

1.05 \
I \\.

0.95 \ \
0.9

0.85
0.12 0.13 0.14 0.15
Him

6 B HZL N ERRER 2-75%k
Fig.6 || Cll; on the change of H

[[@[®

TER UG AL 2 RS o X YR B ] 2 BIL A 04 HE e
Lb S5 150 cond (J) FIVER 32 BE 19 20 B0 47 43 #T
SRTEE R K 5. K 6 Fron. MWK 5. 6 W LLE
W HE 5 L AR cond (D BEH L P& H
AR ACAS B S T R SR Y 2B M RO A
B H G SN, 7E H=0. 15 m B, R
R 280K B R A%
2.3.3 ETF & B S AT a 5T

LA 8 S N S MU NS ORI R ik i A O
BE EFEERE Re=0.15 m, FFEH¥RE R =
0.15 m, F-H8EE H=0.123 m. LR ¢ A
k0%, 40° ], FEL.C A 0 A4k [807,120° ],
FEVVIG O ZRAS T o X Uk 458 18 B WL A 19 i e L 4%
T4 cond (1) FVER 22 BE By 2-Y0 Sk 47 20 #r, o0 B
GEALE 7 8 8 s, M 7 B 8 W LIAE L
5 cond (D BEE T LG 038 K THm . bEE -
B0 ) 38 T A8 A AN B d . T 2R R R R Y 2-
LR T B A 03 RS A B, B
O R 3 KM K.

Cond(I)

100
0" go ()

LT LGSR @ 0 AR T B L L AR B
Fig. 7 Cond(]) on the change of ¢ and 0

Il

e, i
N e
B e
- L e S e
e
o

0780 0/(°)

B8 B o0 B ER R 2-75 4
Fig.8 | Cll 2 on the change of ¢ and 0

3 KRBT R AR AL

3.1 REEAENARNLEIT ISR
3.1.1 AR AR AR

SCHRC17 4 T — 28 H F Hexapod B &5
ALt iy 2 15 B2 14 BB 45 F5 . B Jacobian B4
2R Jacobian [ Ky AE &7 S 46 B L A 3 3K 3 AT 1Y
WNEEA —EM2E oL.IBA . sh & iYis s
JEW A —E M2 o, a5 .

L=Jp
I (8)
J oL =0oP
X 3 (8) P BGE KT 45
| opP || i
< 1 BNy
TP 1 I | TL] (9)
N, — Amax A} A1 )
K.ccp=1Jl 1J"] =3 FR A IF BRALFY

B 25 A8 s M~ At 2000 0 W8T S A R
{EL RN /ML

H 20O, CCID AH Y T 5615 23 1) 3K 3h A1
16 2l OREE A X 22 1 R I . Rk, AE X
Hexapod B 5 4548 S B A ¥ iH i, o8 T8 &
iz Sl ARE A M, N A AL AY Jacobian %E [ B9 4%
B CCID AEFLARAE T B P R AT B B /ME
3.1.2  REHIEAR

T RGBT SR R KL A
F 50 %A 8q Z R KER N

F=K - 8q. Q1))

1 20 (10D B LT, 28 T8 1 K /N5 ML A B 1)
WIEEFIAE R oA 5. BRI 1, A8 T8 A {E 4/ . IR
BRI ML ST B DR W R, B € Ol R
RN C=K ', : A0 A FE R K.



1098 e KRR 5 24 %
8q=CF. (1) K Matlab £ 4k T 55 15t 15 581 L X 22 467 4

DO = A G - 8 b AT AL P B H A e B AT U0 AL TR, X

[ 8qll.<lICll, | Fl,. (12) ik 2 bR R B T Ak AR 4 SR a3 3 TR,

MR A TUREH . EH T FINERT.
| Cll . #HY F 07 B AR it 8q R 7. I
I, BEFE R E M C Y 2 Y ML B A
FrZz — AEHEAT Hexapod B & 454 2 50tk 1k %
TR, SRy T4 R UK R A ALY 1 R,
FEERE C Y 270 B07E L H A 3E 1B g B R mp
AE/NEE
3.2 EFEGEENERAENMERMRMLILT

AT AR Ak H B R AT RE T L R [ T AR TR
K, F Hexopod # IR BRI B WAL 45 4 S 5 =
H AR Ak B 0 2 38 23 0 AL 25 44 2 500t i 6 4
R OB A AL TE LR B2 DL e B v OB I & AL
ST AL RE T .

T U B SR HLAL FEAS R 40 8 @ AfE B Lo
W 119 2% 12 H50ORT 22 B 0 14 1Y) 2-YB RO TR) . TR kL B
10 2H B AU ) 057 2T I HE B Lo R 1Y) 2% 1 BT 2
Lt FH of A5 0 122 1 B 110 4 1 2 97 G B 1 48 A » )
BF, B 10 20 SR (0 037 S5 19 22 B B 1 235 80T
9 F R Al 1207 6 09 SR IR ST TR A8 4%

N T T R 2 3 U B U AL R ARG B R B
FPLAEIEAG A » R4 B AL F N7 k0 Bk 4
PRge—, H s R ECH -

1, O \

(2 (weond () +w | € 1)

min[
(13)
A w AINERF,H w+w=1,cond(J)Fl
| C 2 o3 AR RS @ A 2 0 HE 5 BU i B 2% 1R
BRI 2 Sudk.
A (13) H A sR B0 & H 48 i T AR R {E
MBI BRI 2 PR,

®2 RBEHENMENZHTHEXSH
Tab. 2 Related design parameters of TSMAM

BTt AR WIH R R A
R, 0.15 m [0.15,0.25]
R, 0.2 m [0.15,0.25]
H 0.123 m [0.12,0.15]
¢ 20° [0°,407]
0 104° [80°, 120°]

=3 REAENHEHRUER
Tab. 3 Structure optimization of TSMAM

SMSH EMHE AR EAER N
Rp 0.242 m 0.248 m 0.246 m
R, 0.249 m 0.249 m 0.246 m
H 0.145 m 0.15m 0.148 m
@ 80. 383° 80.018° 80. 878°
0 10. 879° 9.69° 13.453°

M 3 T LAF L A0 A A5 # BB i 2 87
Bl EABORI 2. XS ik F RS
X HILFG TR BE B 52 0 3 A TR B 5 2R AR Re 5 R
T 524 RTE 0. 25 m I, HE 52 b6 KR I 19 2% 1R 5
MREH R 2B AR R, ETFE®
JEH B4R HE v AR B Y A5 AR BOE AR B
71T 282 B2 AR 1) 2- 0 R e ik, [ g R o L o 1Y
ZEAF RS T L A 0 3% O T, BE A L R
1 @ 3RS A AN BH A L i 2% 5 R Y 23 R B
& NG 0 3G K AR A A I, BE A B B A
R PNITE) W= 0 TR S (SR AN SR U A
RARFF— B HE— 2D AE W] TS R TR

BExbR 3 i e AL g A 20 B 4 vt
SR RN E AL UL & 2 B AR AT B9 5e b
FEFER A PEER AR 9 Bzs o AE 10 07T BOHE
v HU R P A PR A 2 ) 5 10 A 22 A LR i 5
W AR o T 5 K BE DAL & 2 HARE AL T B9 HE 5 L
T 25 RO BUE B 22 B AT . 2 AR Ak
T RIS R AL

L ——r— 1

—— Intial parameter
- -~~~ Position accuracy H
S Multi-objective

Cond(])
oo

I 2 3 4 5 6 7 8 9 10
Sample point

B9 DA HE S LL 2 1R KR

Fig. 9 Cond(]) before and after optimization



55 A A5 R 2 AT UK B 1A S MG O AL B B 22 4 il 1099
910 . K BEARAL LA AR AL LA B 2 B AR i Ak T 19 £ 2
—— Intial parameter AR T EL o3 K % : ey o
gsbcd 1 1 1 |- Position accuracy || IE i 8q 1 2T BIEBUE E A —E M ER 2
» = it Multi-objective H */iﬁtﬂz? EI/‘J %%%'ﬁt )
5 8
N7
255 _ I8 210
I e ; % «
Pl o B P PR R .
?__:' = g 15___._.— |t | ]
i 2 1. e
o> 1 2 3 4 5 6 7 8 9 10 g —— Intial parameter
<
10 A R i 15 2 s [l | LT T 1.1
Fig. 10 Position error before and after optimization S
Ul 2 3 < 5 6 7 8 9 10

WA BRI AR 220 AL ¥ 8 5 pm, 7] LISR
TE 10 AN B TP 6L E IR E Aq 1Y 231
B, & 10 frs . AL 10 FTRLE L 7E 10 2040 %8
TR Aq Y 2- Bk 2 5 5 i fk 2 i
AH EG WY S AR T R B2 AL A & 2 H AR AL T
MO 25 Aq 1Y 20 ETE B A — i 1Y 22
VIRE A= R R A NV ESE S 52

X TR 3 ARARSE A, 43 A I ) ds kit
SR PR UL S 2 B bR A6 T 19 58 B 4 [
() 2o 80, WK 11 Fin . #E 10 A0 % F 1 22
TR 205 50 Ak 2 05 5 10 Ak 2Z 10 A E K i B
AR BT A8 A AL B 22 H B A A6 T B 22 B8 46 B
() 23R R A B, Z HEs A T Y
SR A

x10®

12
0 / _,_._._-—-—"-...H\\/""""ﬁ
A 8 — Intial parameter ]
| ! ! e Position accuracy
=6 --==- Multi-objective ||
B S R SRS et P
2

1 2 3 4 5 6 7 8 9 10
Sample point

B1L PRfb e i # 2% 5E 2

Fig. 11 | C| ; before and after optimization

A AT A4 b 1 W EE 9 k=3 >X10° N/m,
Xof b B B2 A0 Iy LA K I3 AR AT AR AE 10
AL N3V 5 AR & 8q 1Y 2-T X, W&l
12 Fi7R A8 10 A 5T B I 8q /Y 238
Btk =z Jm 55 e A =22 i A B KR B2 IR L T E o7

Sa_mp]c point
K12 feAenns A AR &

Fig. 12 Position deformation before and after optimization
DAL HI S 25 T A6 bR 25 R X e 3k 4 B . HE
e HL R B 2% 1 40 Cond D f A BT J5 AH L B AR
36. 800 s P RIE 2-TU KL P_ e AL RIS AH LR AR
8.300 s RIEZAE 2y || Cll . PLALnlfa A L
1% 6300 s (i AT 4R 2-Yu K0 P_d HLAL R JA A1 HE %
i€ 62,50, JTT, B Uk 1A T35 1% 5 1 0 vk B A

IS Z A iR .

x4 MUBTREETIERX

Tab.4 Contrast of various index before and after optimization

Cond(J)  P_e

AL R 9.67

Z At 6.11
ALRIRREIE  36.8%  8.3% 63%

Icl. P_d

7.7X107%10.9X10 °1.55X10°
7.0X107°% 4.0X10%0.58X10°

62.5%

4 RBR A A B

BERAE YU U8 R LA SE 2 K B L X T 45 A
176 AR B Bl AR AT RS B 4y I 2 2 T
IR ML A A 815 22 BT S 140 19 91 [ AR 40 RS R 3L ie
B THLE NG R 2 . B R T 40
Z X FENAE R -2 EENIELE R
) 0
4.1 JKRBEENHIREZER

45 Hexapod i¥fi iz 3fj £ 8, A 1§ Hexapod
BLAS N 2548 2 808 53 5 0 25 A b A2 3 18] 1 G 5
Lk

ol=Joq+Q d"a+Q.0"b, (1)



1100 . KT % 24 %
Ao A= (00 0L o 0L T ERTHEHAFRE o, Before optmization —
545 0 = [8x,0y,0%,87,08,8¢]7 € R K 2 sl . oy [T Upecriolat
Hexapod HL 5§ A [0 £ % 4 bR 75 45 6" a — Ewﬂuwﬁt&ﬂPkﬁﬂﬁ
[6%afl,0%d s+, 0%d JE RSy 8 A TT 1870 F _ After optimization
B 0= [0, 0%, 0B JERY AT 3 [ AT A | 2 | T | tbeim
AT 1 L % o T %S 0 /]

Blrl;l (%RPP] X Bl,,] )T 3'”] 10 E;melupn-;?[ 40 50

J{E : }GR‘*“; Pl 13 kIR BRI 28
"L (PR ps X L) T Fig. 13 | JI » of secondary adjusting mechanism

{SILBR 0

: H M4 :|6R6><18_
0 - BILLLR

0=
BT
-8B . 0
Q= : : : C R,
B1T
O coe — 6

2R B VR LR 7 L TR 2 [ i B e S R
P Al p o (14) AT AR S8R 25 B
Sq=J 'ol—J Q8" a—J Q8. (15
PR TEHA L aMmERER J . 'Q
I Qe LA IR 2 oL, BEL IR dta FITF
BAIRZE D A RE. M S T I,
F VR B 1R 4 BLAS 25 4 2 e e L TE R B A
B ERSHE BT . 468 LTG50 8 5R
2% oq . WNAaf X BB KR 25 6L, L AZ AR 8%a FIF
B2 oMb IEAT A LAY A3 T 1E I 4R A B
PR B A% A K IR BCRE BT AR AR
X (15) B 2 -JE R mT 15
logllo<<la 'l lal.+
fJ7Qu s 1%l la'Q . 8%l ..
(16)
H T U B8 18 A BLAG 4 A7 R 5 43 ) Sy ok
GURNFA o3 G, HAT TR AE OB R LA 1Y AR =
B R P. PR I, 76 R B TR B AL AT F2 Y LY L Bl
BLEEHL 50 07 %5, 43 BB AL IS 76 50 4140
WRMERE T M T IQ, 1 2 R T A
RWE 13 s, J 0 Q0 AL Q. 1Y 2 gk
FEARFI B FAETERUNY 22 5. MRS T
g0 M 2 BTE 50 A TR
M35 R 5. 696, 1M Z HAsftfbm J-' .1 Q0 M
J7Q 1 2 SEEAE 50 A BT IIIE R 3. 175,
ALz E J P Q) A Q. i 2 e R LA Ak
ZHTFEAR T 44.26% .

52 RS R LU 5 S B
Y B B b R (2 S5 T T BB
witid B, HFES N E R e N
e I TR R 4 b . 7 T [ RS
HE R LT o 1 B T T A T
IR AR R R e M i v B
LM L 5 050 92 4 AR 2 e B RS
. . a b b
S=min T To0p, e 1008, o

17

b

Horr  AE RBUEN a=1 1 b=41,

R 485 1 B8 8] A AL 15 22 S A, A SR 4 S WK B
M SV & 1 K LR 2 En s DIRIEZR
P AAR R B R FE N -

fa e Tall.+latel. [ 8al.+

[ J'Q 1o || &b [l . <<E,s. (18)

R U BEOG B A% 36 BE 0K, de KA 480 2 — ik
AT 15 o, % 18 o A R R g AR L R IR BE
PHEEHL A B K ALVFIR 2 B = 50 pm, B3R HAR
PREN H lagrange & F 3% #E 17 S /NME K f# L 81k
TS5 245 74 2 5080 A B BB A A 18 25 40 Tl 45 21, n 3%
5 N

£S5 RFEBNMREDE

Tab.5 Error distribution of secondary adjusting

mechanism (pm)
Ak i A
[ deltaCD || s 1.3 3.2
[ deltaCOP) || mes 2.7 6.3
[ deltaCOB) || e 2.7 6.3




5 5 ]

SR S A L RO B BT U A LA A R B 22 40 i 1101

M 4 ATLAFR L AE 5 2 AL B IR ZE R Bl
50 pm BF L IEAEZ S B R BCRAER 22 BR i 2. 7 pm
PEmE 6.3 pm, A BEAYERZEBR i 1. 3 pm 42 = F
3.2 pm,

5 I

BT LR A B SRS R T ) O 5 R
U & I 14 Fros . O iF BR AR 3 55 3R 58 19 52
i o U A AL R 2R AE R R T 5 E . T
KEEE 0.1 pem BT R BE TR - 15 58 37 45 LA
LA e S AT I

Bl 14 BN EILRE T &
Fig. 14 Test bench of SMAM

R XSRSy 4 08 G R R 22 5 BE S T 38 B B9 37
LM . BRI EE T RN ST G0
SE R BERE Y IR Z Bl 1) L R X R B
WELIE Z R R LL 200 pm 25§ UEL 2R 4T 20
AL AR 22 23 AR BN 15 s

Relative error/%

0.6

0 02 04 06 08 1 12 14 16 18 2
Z axis position/mm

P15 Z e s B Ik

Fig. 15  Accuracy testing result of Z axis

15 AT L 2 7 A 7E Z Bl 200 pm
HHE T AR R EAREEA KT 0.6%,

PORS VTR LKL IR E RGP I = R E VA
[t [ — 500 N, 500 N J7, 76 & 4> i F7 550
G A Z 5l ) b B ) bR S R AL RS .
A R 16 Fros.,

600

400 ¢

200} Start point
End point f
T

y=41.14x-2.27

133

Force/N

=200}
400}
-600

5 -10 5 0 s 10 15
Deflection/um
K16 Z Rt AETe fe i

Fig. 16 Anti-deformation testing result of Z axis

S B0 B 7 2 14 o e o 8 A o T 7
VOB R HLE Z BRI 41,14 N/,

AR SR T DR A 4 ) 2 AT U IR R B
AT AT DL RS T AR E ., B
6, BN YR A RE ML A Sl S A K W EE A AL, )
Bt Hexapod - & ALY (9 3 22 25 49 2 B0 HLAG 14
RERYSEm LU, MR B T 1 BB 48 A 2 SR 4 Ik
a8 B HLA D0 Ak 15 T P RE 48 A o BIVSE 4K FE 45 B
ML Febn . 2T U0 TP RE T8 A5 X IR B2
VAL 2540 2 B0 1T 2 B s AL AR AT ) 30
6 PR BB 8. 3%, BLAB I fE 1 iR
62. 5% A& w3V 5 008 MRS EERERRIEE . Z ).
8 U0 555 ] R B A 5 22 A, 4 A SO AT I |
TR AR A 53 B 5 ¥ TE 2 E I B B AL
TEOLT S X SCEEFT S b Btk AT R 22 4 e AR AL T
Ja B AR ZERB 2.7 pm 5 F 6.3 pm,
AHRAIR2ZER M 1.3 pm $E&#] 3.2 pm. &5,
DU AR X 78 AR BE LA K28 R e 0 . e 1T 2 H
PR Al L B 22 e A 4 e B ROR . 35 2 Tt
ARG B i TR .



1102

5 24 &

SE Lk

(1]

(2]

[3]

[4]

(5]

(6]

(7]

(8]

(9]

e BRI, R L FL A G A S TR
PR RGBT MRS Mr (D], b M % 42, 2015,
23(5):143-153.

YANG ] F, XU ZH B, WU Q W, et al.. Design of
six dimensional vibration isolation system for space
optical payload [J]. Opt. Precision Eng. » 2015, 23
(5):143-153. (in Chinese)

K&k, T4, RE, F. R EAHILEEHL
AL B SR R )], k¥ E LA, 2011,
19(8) :1824-1831.

JIA X ZH, WANG D, ZHANG, et al.. Optimizing
design and precision experiment of focusing mecha-
nism in lightweight space camera [J]. Opt. Precision
Eng. . 2011, 19(8):1824-1831. (in Chinese)
GEIJO E M., CASALTA J] M, CANCHADO M, et
al.. VISTA secondary mirror drive performance
and test results [CJ. Astronomical Telescopes and
International Society for Optics
and Photonics, 2006:627338-627338-10.
DOUGLAS R N, RYAN S, JAKE D, etal.. Base-
line design of the LSST hexapods and rotator [J].
SPIE,2014,9151:91512B-1-16.

SEBRING T A, DUNHAM E W, MILLIS R L.

Instrumentation.

The discovery channel telescope: a wide-field tele-
scope in northern arizona [ CJ. Astronomical Tele-
scopes and Instrumentation. International Society
for Optics and Photonics, 2004 :658-666.
CASA LTA J M, ARINO J, CANCH ADO M. et
al.. The performances of GTC secondary mirror
drive unit [J]. SPIE. 2004, 5495:507-517.
R, AR, &R K. RTINS R B AL
WU s [T]. k¥ & L&, 2008,
16(7):1181.
XU G, YANG SH M, GONG Y B. Optimal design
of pose and position fine tuning apparatus for sec-
ondary mirror in large optical telescope [J]. Opt.
Precision Eng. » 2008, 16(7):1181. (in Chinese)
R, BRSE, A, ¥ BRBAGEN=HHE
FFBCHEMAMI R 5B i )] bF #HEL
#, 2013, 21(11) :2860-2869.
WANG Y, YAO T K, ZHOU F, etal.. Type syn-
thesis of 3-DOF parallel support system for tele-
scope secondary mirror [J]. Opt. Precision Eng. ,
2013, 21(11):2860-2869.
MERLET J. Parallel robots, second ed [ M ].

(in Chinese)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Springer-Verlag New York Inc, 2006.

VON DAAKE A, VETTER C, BOHME, etal..
Contribution to calibration of hexapod positioning
units in industrial environment [J]. Precision En-
gineering, 2013, 37(1):73-80.

HUANG T, DEREK G. A general and novel ap-
proach for parameter identification of 6-DOF paral-
lel kinematic machines [ J]. Mechanism and Ma-
chine Theory, 2005, 40(2) :219-239.
ARSENAULT M, BOUDREAU R. Synthesis of
planar parallel mechanisms while considering
workspace, dexterity, stiffness and singularity a-
voidance [ J .
2006, 128(1):69-78.

SONG J, MOU ] I, KING C.

Jowrnal of Mechanical Design,

Parallel kinematic
machine positioning accuracy assessment and im-
L)1
Processes, 2000, 2(1) :48-58.

YAO R. TANG X, LI T, et al.. Error analysis
and distribution of 6-SPS and 6-PSS reconfigurable

provement Journal of Manufacturing

parallel manipulators [J]. Tsinghua Science &
Technology, 2010, 15(5) :547-554.

SU Y X, DUAN B Y, ZHENG C H. Genetic de-
sign of kinematically optimal fine tuning Stewart
platform for large spherical radio telescope [J].
Mechatronics, 2001, 11(7).821-835.

BER, MRE, BEE. AT HENBEREN
Stewart V-5 4514 W B b LA it [J]. 3 F A %
iRk, 2007, 23(6):718-721.

DUNA X CH,CHOU Y Y, DUAN B Y. Bi-objec-
tive optimization of structural parameters of the
Stewart platform based on adaptive genetic algo-
rithm [J]. Chinese Journal of Computational Me-
chanics, 2007, 23(6):718-721. (in Chinese)
JAEHOON L,JOSEPH D, KENNETH H H. A
practical quality index based on the octahedral ma-
nipulator [J]. J. of Robotics Research, 1998, 17
(10) :1081-1090.

MERLET J P. Jacobian, manipulability, condition
number, and accuracy of parallel robots [ J].
Journal of Mechanical Design, 2006, 128 (1)
199-206.

ZHANG D, WANG L, LANG S Y. Parallel kine-
matic machines: design, analysis and simulation in
an integrated virtual environment [J]. Journal of
Mechanical Design, 2005, 127(4) :580-588.

TR LMK AR B, REF R EIM], LR,



5 5 ]

SR S A L RO B BT U A LA A R B 22 40 i

1103

[21]

[22]

B F AR B AL, 2006,

HUANG ZH, ZHAO Y SH, ZHAO T SH. Ad-
vanced Spatial Mechanism [ M]. Beijing: Chinese
High Education Press,2006. (in Chinese)

SNEED R C, KEAS P J. Error reduction and
modeling for hexapod positioners of secondary
mirrors for large ground-based telescopes [ C].
SPIE Astronomical Telescopes Instrumentation.
International Society for Optics and Photonics,
2014:915020-915020-14.

R, 2 h G, Falg, F LT &M E 30
m BT H = 5% Stewart EH[J]. kA F HE L4,
2014,22(4):890-897.

BEW1987—) B EMITIFEA 5
23] By L2011 4F 2014 4F T MR 24
AR b B e, EENH
I 25 BB T8 B IR B ORI ATLAA L 25 ) A )
LI T S T (T 7 R
hanchunyang. 312@163. com

E-mail:;

(23]

[24]

ZHANG ] X, AN Q CH, LI1J F, et al.. Third
mirror Stewart platform of TMT based on mecha-
nism condition number [J]. Opt. Precision Eng. .
2014,22(4) :890-897. (in Chinese)

CHUNSHEN L. Precision design of modular par-
allel kinematic machines [J]. Tool Engineering,
2007, 41(8) :38.

SNEED R C, CASH M F, CHAMBERS T S, et
al.. Six degrees of freedom. sub-micrometer posi-
tioning system for secondary mirrors [CJ. SPIE
Astronomical Telescopes + Instrumentation. In-
ternational Society for Optics and Photonics,

2010:77332R-77332R-11.

BAIRF(1982—) B NS AL/
WFSE 5, 2005 4E.,2010 4 T rh R K
SO MARAG 2 P,
IR S il L 25 6] IR 1Y) T 2 o3

B5E . E-mail: xuzhenbang@ gmail. com

(RRIERE REWW FEEH)



